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Abstract 
This paper discusses the extracellular 
matrix (ECM) and its involvement in 
organogenesis. Research was conducted 
to examine the ECM characteristics in 
avian cerebella. Specifically, the 
investigator wanted to demonstrate the 
presence of collagen fibrils associated 
with the surface of fissures in embryonic 
day-tO chick cerebella by using 
immunochemical analysis. The results of 
laboratory work completed thus far are 
inconclusive and suggest that the 
methodology of the immunolabelling 
portion of these experiments needs 
modification. It is suspected the 
autofluorescence was detected and if 
changes in the procedure fully account for 
this artifact, another assay's 
immunochemicals may recognize a highly 
aligned distribution of collagen fibrils (or 
other ECM component) in the floor of 
cerebellar fissures. These findings would 
further the investigation of ECM's role in 
morphogenetic tissue interactions. 
Introduction 
Epithelial and mesenchymal tissue 
comprise the early embryo (Hay, 1991). The 
epithelia serve to cover or line most body 
surfaces, cavities, and tubes (Burkitt, 
Young, and Heath, 1993). All are located 
adjacent to a basement membrane. This 
membrane maintains the distinction between 
epithelial tissue and the 
supporting/connective tissue that lies 
beneath it. The cells and extracellular 
material that composes supporting/ 
connective tissue are responsible for 
structurally and metabolically sustaining 
various tissues and organs in the body. 
Primitive mesenchyme is the tissue from 
which these mature supporting/connective 
tissues originate. 
According to Hay (1991), interactions 
between the epithelial and mesenchymal 
tissues initiate once gastrulation is complete 
during embryological development. These 
embryonic inductions are recognized as: 
epithelial-epithelial, epithelial-
mesenchymal, and mesenchymal-epithelial. 
Each of the interactions is similar in that the 
first tissue is said to induce the second, 
while both tissues are necessary for proper 
organogenesis and cytodifferentiation. This 
supports the idea that one tissue type can 
influence another, yet both types remain 
important in the ultimate morphogenesis of 
an organ. Trinkaus' (1984) studies on 
neurulation describe a similar phenomenon. 
His results show that two physical forces 
must operate together to accomplish neural 
morphogenesis. 
The ability of one tissue type to cause 
changes in an adjacent tissue of a different 
type has been shown to be a critical driving 
force in a number of other developing 
organs as well. Tissue induction has been 
viewed as responsible for organogenesis in: 
mouse thymus (Auerbach, 1960), lung 
(Spooner & Wessells, 1970), kidney 
(Ekblom, Saxen, and Timpl, 1982), and 
more recently the tooth (Tucker and Sharpe, 
1999). This suggests the idea that important 
interactions and ensuing changes at the 
tissue level may indeed take place in the 
avian cerebellum. In order to research this 
possibility, this study uses embryonic chick 
subjects to focus specifically on the 
extracellular matrix characteristics at the 
fissures. 
Undertaking this endeavor required an 
initial consideration of the complexity of the 
ECM components (Table 1). Hay (1991) 
refers to it as, "the relatively stable structural 
material that lies under epithelia and 
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surrounds connective tissue cells, but the 
idea that the ECM is an inert supporting 
material, created by the cells as a mere 
scaffolding on or in which to reside, is now 
bygone. Certainly, collagens are a source of 
strength to the tissues, elastin and 
proteoglycans are essential to matrix 
resiliency, and the structural glycoproteins 
help to create tissue cohesiveness.But the 
cell, having produced these extracellular 
macromolecules and influenced their 
assembly in one way or another, does not 
then divorce itself of them. The cell 
continues to interact with its own ECM 
products, and with the ECM produced by 
other cells. At the cell surface, matrix 
receptors link the ECM to the cell interior; 
the metabolism and fate of the cell, its 
shape, and many of its other properties are 
continuously related to and dependent on the 
composition and organization of the matrix" 
(p.1). Thus, the ECM plays an important 
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role in development. 
The investigation ofECM's specific 
role in morphogenetic tissue interactions 
began nearly fifty years ago, and continues 
today. Mouse, rat, chick, and recently even 
human subjects have been useful in 
promoting the idea that various ECM 
molecules are involved in morphogenesis. 
Tissues that have been studied using the 
mentioned models include: submandibular 
gland (Grobstein, 1953; Heida and 
Nakanishi, 1997), salivary epithelium 
(Grobstein and Cohen, J., 1965; Bernfield, 
Banerjee, and Cohen, R.H., 1972), 
embryonic lung and salivary gland (Spooner 
and Faubion, 1980), tooth (Partanen, 
Thesleft, and Ekblom, 1984), heart (Hierck, 
Poelmann, van Iperen, Brouwer, and 
Gottenberger-de Groot, 1996; Klewer, Krob, 
Kolker, and Kitten, 1998), inner ear (Legan 
and Richardson, 1997), and kidney 
(Bernardini, Bianchi, and Dolfi, 1999). 
Spooner and Faubion's research (1980) 
specifically examined collagen's affect on 
the developing embryonic lung and salivary 
gland. Collagen was found to be involved in 
branching morphogenesis. 
In the case of the cerebellum, research 
has demonstrated that meningeal cells could 
serve to produce the interstitial collagen, 
which stabilizes the epithelial basement 
membrane in fissures (Pehlemann, Sievers, 
and Berry, 1985). The pia mater is essential 
to the maintenance of the established 
fissures (Sievers, Mangold, Berry, Allen, 
and Schlossberger, 1981). As the innermost 
layer of the meninges that lies adjacent to 
the brain, it is important because it contains 
ECM. Meningeal cells are present 
throughout this ECM, and according to 
Pehlemann, Sievers, and Berry (1985) are 
analogous "to the mesenchyme surrounding 
other epithelia with a branching 
morphogenesis" (p. 136). Thus, ECM 
produced by meningeal cells and/or other 
cellular sources are significant in cerebellar 
fissuration. 
The avian cerebella actually change 
during normal chick development from a 
smooth-surfaced out pouching of the 
rhombencephalic region of the neural tube to 
an intricately fissured organ (Saetersdal, 
1956). Atkins' research (1970, 1978) 
discusses the likelihood that these fissures 
are species specific. This implies that the 
fissures seen in the embryonic chick 
(Bowers, 1986) are unique, but the 
possibility that similarities exist between 
various species and the ECM characteristics 
in the floor of the fissures should not be 
dismissed until further research is 
conducted. Development of these fissures 
through time has been studied exhaustively 
(Fig. 1); however, the actual mechanism of 
fissure formation remains unclear. 
The motivation behind this research is 
to seek immunological identification of 
ECM components associated with the 
surface of the fissures in embryonic day-1 0 
chick cerebella. In the quest to therefore 
further understand structural organogenesis, 
this study is designed to follow-up and 
further Bowers' (1986) detailed 
investigation. Bowers (1986) used bright 
field and transmission electron microscopy 
to demonstrate a highly aligned distribution 
of collagen fibrils in the floor of the fissura 
prima that was not identified on the surface 
or walls of the folia in the embryonic day-10 
chick cerebella. In this experiment, 
antibodies specific for chicken ECM were 
used in an attempt to localize such 
macromolecules using epifluorescent 
microscopy. Immunolocalization of surface 
associated collagen would further the spatial 
understanding of the biochemical nature of 
the previously recognized macromolecule 
found at the site of tissue interaction. 
Materials and Methods 
i. Growth Conditions. 
Cobb X Cobb chicken eggs were 
acquired from Tyson Chicken Hatchery in 
Green Cove Springs, FL. For peak fertility 
at Tyson, eggs are set within seven days of 
being hatched, incubated at a temperature of 
98.6°F and a humidity of 82SF, and turned 
every hour. Embryonic day-1 0 eggs were 
used in this research (Fig. 2). Portable 
Styrofoam incubator conditions were 
adjusted so eggs in lab were at 
approximately same temperature (98-99°F), 
in constant humidity, and regularly rotated 
by mechanical trays. Eggs were incubated 
until dissection. 
Figure 1. Scheme ofthe cerebellar fissuration in 
mice. t = fiss.ura preculminata; 2 = fissura prima; 3 
= fissura prepyramidalis; 4 = fissura secunda; 5 = 
fissura posterolateralis. Measured at the middle 
sagittal plane of the cerebellar vermis. 
Mares, V. and Lodin, Z. "The Cellular Kinetics of 
the Developing Mouse Cerebellum. II. The Function of 
the External Granular Layer in the Process of 
Gyration." Brain Research 23 (1970): 344. 
Figure 2. Embryonic day-tO chick. 
Osprey Journal of ideas and inquiry 3 
2. Dissection/Fixation. 
Live chick embryos were oriented with 
posterior side exposed (Fig. 3). Surgical 
scissors were used to make both a shallow 
midsagittal incision from the top to base of 
head and a transverse incision between the 
two superior and two inferior cerebral 
hemispheres. Initial fixation of the cerebella 
in situ was done by carefully instilling 10% 
buffered formalin on the tissue surface. 
Dissected chick heads were immersed in 
vials of fixative and stored at room 
temperature until resection. To dissect out 
cerebella, the posterior portions of fixed 
heads were opened by pinning apart the 
previously discussed cuts. Opened area was 
carefully flooded with drops of fixative so 
tissue did not dry out. Four cerebral 
hemispheres were visible in exposed area, 
and tucked beneath and between the inferior 
lobes was the cerebellum. Iridectomy 
scissors were used to scoop out the 
cerebella; this was done carefully to 
minimize surface disruption. Dissected 
cerebella were immersed in fresh vials of 
fixative and stored at room temperature. 
Figure 3. Research laboratory dissection/fixation of 
embryonic day-tO chicks. 
3. Cryosectioning. 
In preparation for embedding, fixed 
cerebella were rinsed in Phosphate Buffered 
Saline (PBS; pH 7.4) five times for five 
minutes each. To visually orient cerebella, 
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each was placed in a shallow amount of PBS 
under dissecting microscope. Small amount 
of OCT Compound (Tissue-Tek, Electron 
Microscopy Sciences, Washington, PA) was 
placed on metal "chuck." Attempts were 
made to orient left and right poles of 
cerebella parallel to stems of chucks for 
sagittal sectioning of fissures. More OCT 
was then added to chuck with efforts to 
minimize displacement of oriented tissue. 
Embedded tissue was temporarily stored on 
chucks in cryostat, or transferred to a freezer 
in paraffin-sealed box for longer storage. 
The cryostat (Leica) was set at -21°C 
and sections were made at a thickness of 
8J..lm (Fig. 4). Gel-coated slides were 
touched to frozen sections in cryostat, 
quickly heat-fixed, and stored frozen in 
paraffin-sealed box. 
Figure 4. Research laboratory cryostat used to 
section chick cerebella. 
4. Immunohistochemistry. 
Microscope slides with adhered tissue 
sections were rinsed three times in PBS 
rinses at approximately three minutes each. 
Slides were incubated in "milk buffer block" 
(2% powdered milk in PBS) to decrease all 
, 
non-specific binding of antibodies to tissue 
section. Two primary antibodies were used 
on the experimental slides: monoclonal 
mouse anti-chicken collagen type III IgG 
(Mayne, R., Developmental Studies 
Hybridoma Bank, University oflowa) and 
monoclonal mouse anti-collagen type I IgG 
(Sigma, Saint Louis, Missouri). These 
antibodies were diluted in milk buffer block 
and incubated on separate slides. Control 
slides were incubated with mouse serum 
diluted in PBS (1: 1 00). All slides were 
maintained at 4°C in humidity chambers 
overnight. 
Prior to incubation in secondary 
antibody, three PBS rinses at approximately 
three minutes each were again administered. 
Goat anti-mouse IgG, conjugated to 
fluorescein isothiocyanate isomer I (FITC) 
was used as the secondary antibody. It was 
diluted in PBS (1: 150) and added to all 
slides. Slides were placed in the dark in 
humidity chamber for 1.5 hours. The PBS 
rinse series was repeated and glycerol was 
used to mount coverslips. The epifluorescent 
microscope (Olympus) was then used to 
examine the immunolabelled microscope 
slides (Table 2). 
T_ 2. Imrunohistocl1en1stry assay of 8 ""' cerelJEjla sections from errI:i<ya1ic day 10 chicks 
Slide # PrImary AS Dilution Socondarv AS Conmonts 
1 rmuse anIi-ct"ick co III 1:100 +,1:150 
_rrentaI 
2 rmuse anIi-ct"ick co III 1:1000 +,1:150 
_rrentaI 
3 rmuse anIi-ct"ick co III 1:1000 +,1:150 
_rrentaI 
4 rmuse anIi-eo t\'Ile I 1:100 +,1:150 
_rrentaI 
5 rrcuse anIi-eo t\'Ile I 1:1000 +,1:150 
_rrentaI 
6 rrcuse anIi-eo t\'Ile I 1:1000 +,1:150 
_rrentaI 
7 rrcuse serum 1:100 +,1:150 rontroI for AS specificity 
8 rrcuse serum 1:100 +,1:150 rontroI for AS spoc'ficity 
9 - - +,1:150 rontroI for AS specificity 
10 - - - rontroI for autolloorescence 
Results 
In order to begin the immunochemical 
portion of this research, it was necessary to 
not only obtain sagittal sections of the 
cerebella, but also for them to fully adhere 
to the gel-coated slides. These results were 
positive. Cerebella were dissected, oriented 
and frozen, sectioned, adhered to 
microscope slides and cerebellar fissures 
could be viewed under the light microscope. 
The experimental hypothesis was that a 
highly aligned distribution of collagen fibrils 
(or other ECM component) would then be 
recognized by immunochemicals on the 
surface of the fissures. However, those 
results were not seen (Fig. 5). Although the 
results did not support the hypothesis, they 
did not disprove it either. When slides 1-9 
were viewed under the epifluorescent 
microscope, the control slides appeared no 
different than the experimental slides. 
Dilutions did not alter the observations in 
any way. When an unlabelled, frozen tissue 
section indicated the same fluorescence as 
the other nine slides, autofluorescence or 
another artifact was suspected. 
Figure 5. Posterior view ofthe embryonic day-tO 
chick cerebellum. Graphic representation of in situ 
relationship ofthe cerebellum and the four cerebral 
hemispheres. 
Discussion 
Investigative studies ofECM's 
role in tissue interactions within the 
embryonic chick cerebella have now been 
established at the University of North 
Florida. An egg source has been identified 
through the investigations done thus far. The 
significance of this finding, is that the chicks 
being used in future investigations will all 
be under growth conditions similar to those 
of the chicks used in the research discussed 
above. 
Currently, Dr. Bowers and I are further 
developing the fixation/dissection 
procedures described earlier. One obstacle 
we are attempting to overcome is the 
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difficulty we have encountered in obtaining 
proper orientation of the tissue for optimal 
sagittal sections. However, regardless of the 
obstacles, this research has allowed me to 
learn an incredible amount of information 
and laboratory techniques. My time in the 
lab has given me much experience with 
microscopy and photomicroscopy. The 
laboratory work that was done in this 
research also required a cryostat; therefore, 
an important accomplishment was that it 
both created and expedited the need for a 
cryostat at the University of North Florida. 
In addition, a cryosectioning procedure was 
developed for future work on this 
experiment and other experiments that 
require the use of a cryostat. 
The outcome of the immunohisto-
chemical portion of the experiment was not 
as expected. It was thought that 
immunochemicals would recognize, under 
the epifluorescent microscope, the highly 
aligned distribution of collagen fibrils in the 
floor of the fissures of embryonic day-l 0 
chick cerebella that Bowers' (1986) saw at 
the light and transmission microscope. Both 
of the selected primary antibodies were 
made by mice, and they should have adhered 
to chicken collagen (type III, slides 1-3; type 
I, slides 4-6) on the surface of the fissures. 
As an anti-mouse antibody with a 
fluorochrome attached (FITC), the 
secondary antibody should then have 
recognized the primary antibodies 
previously attached to the surface. Thus, 
under the epifluorescent microscope, the 
researcher predicted that the secondary 
antibody's color indicator would be 
extremely apparent at the surface of the 
fissures. 
The experimental slides did not 
coincide with the aforementioned prediction. 
Slides 1-10 all appeared to have the same 
degree of brightness, in the same areas of 
the tissue sections. The fact that slide 10 
appeared similar to the other nine slides, 
having not undergone immunolabelling, 
indicates a possible artifact in the procedure 
using the embryonic chick cerebellum. 
Therefore, these experimental results did not 
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provide conclusive evidence in regards to 
the established hypothesis. Immunolabelling 
experiments remain in progress, as 
additional antibodies and a procedure for 
counteracting autofluorescence are currently 
being investigated. 
Conclusions 
The·results obtained so far, though not 
expected, are important for the future of this 
research. Each bit of troubleshooting has 
been and will continue to be a part of the 
research itself. Further investigations will 
continue once the experiment is modified. 
The same materials and methods will be 
used with the exception of the 
immunohistochemical portion. Revisions 
must be made to that section according to 
the findings of this experiment. If those 
changes fully account for the auto-
fluorescence seen, a new assay's 
immunochemicals may recognize the highly 
aligned distribution of collagen fibrils (or 
other ECM component) in the floor of the 
cerebellar fissures. This study is therefore in 
progress; future investigations will build 
upon the foundations laid by this work. If 
those future laboratory studies indicate the 
hypothesized findings, a better 
understanding of structural organogenesis 
will result. 
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